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There are always too many interesting sub-
jects to include in this section.Then there
is the legal side of the patenting of com-
pound semiconductor IP.The sorting out
of IP in LEDs continues with Professor
Gertrude Neumark of Columbia University
ending a patent infringement lawsuit
through an out-of-court settlement with
Toyoda Gosei. She had alleged that two US
patents on wide-bandgap semiconductor
technology had been infringed.The result-
ing settlement now permits Toyoda Gosei
to make, import or sell LEDs and laser
diodes based on the methods outlined in
US Patents 4,904,618 and 5,252,499.
Respectively these are from February 27,
1990, a non-equilibrium impurity incorpo-
ration used to dope hard-to-dope crystals
of wide band gap semiconductors, such as
ZnSe and ZnTe; and from 1993, atomic
hydrogen is used to neutralize compensat-
ing contaminants in II-VIs.
Toyoda Gosei has filed over 2,000 patent
applications related to GaN-based semi-
conductor LEDs, and has acquired patent
rights on some 600 of these. It has agree-
ments with Nichia and Philips Lumileds
Lighting Co., LLC., respectively, allowing
the parties to use each other’s LED-related
patents.
Toyoda Gosei with Tridonic
Optoelectronics GmbH (Austria),
Leuchtstoffwerk Breitungen GmbH
(Germany), and Litec GbR (Germany) have
filed joint applications for basic patents
relating to a technology for forming white
light using blue LEDs and new yellow (sili-
cate) phosphors. Patent rights have been
granted in Austria, the US, Korea,Taiwan
and Russia, and are to be registered soon
in China as well.These patents are:Austria:
AT410266B, USA: US6809347B,
US6943380B, Korea: KR10-0532638B,
Taiwan:TW533604B, Russia: RU2251761C.
Licensees currently number roughly 20
worldwide. However,Toyoda Gosei says it
has recently received information that
companies other than licensees have been
manufacturing and selling white LEDs
using silicate phosphors. It therefore
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Energetiq’s EQ-10, which was introduced to the market in 2005, features Energetiq’s propri-
etary Electrodeless Z-Pinch technology and produces 10 W of stable, repeatable EUV light for a
variety of applications. The Energetiq Electrodeless source design is proven to run continuously
and have highly repeatable performance. The plasma size is below 500 µm in diameter under
typical operating conditions and yields a 13.5nm EUV output of 10W (±1% bandwidth) or
20W (±3.5% bandwidth) into 2p steradians with a controllable repetition rate up to 1.5 kHz.
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warns it will continue to defend any
infringements.We look forward to report-
ing on the situation in due course.
Woburn, Massachusetts, USA-based
Energetiq Technology, Inc., was awarded
by R&D Magazine the R&D 100 Award
for its EQ-10 EUV Light Source. It was
deemed one of the hundred most techno-
logically significant products introduced
into the marketplace in the last year.
“We are delighted to have received such a
prestigious award for our EQ-10 EUV
source.The introduction of the Energetiq
EUV source enables researchers to devel-
op the EUV infrastructure needed to sup-
port EUV lithography.” said Paul
Blackborow, CEO of Energetiq.“We are
pleased with the acceptance of our tech-
nology to the marketplace.”
For more information, visit: www.energe-
tiq.com
Steam purification company, RASIRC,
announced that Rogue Valley
Microdevices has purchased four RASIRC
Intaeger UHP systems to install in its facil-
ity in Medford, Oregon.They will be used
to generate the ultra high purity water
vapour used for wet oxide growth.The
Intaeger UHP is the first commercial tech-
nology that can purify steam from de-ion-
ized water. Rogue Valley Microdevices is a
wafer foundry that grows oxide and
nitride films on silicon wafers. Prior to
purchasing the Intaeger System, Rogue
Valley was using a heated water bubbler
with an oxygen carrier gas.
For more information, visit:
www.rasirc.com
SI LEC without boric oxide
Highlights from the recent literature will
include development of a GaAs growth
process which gives good crystals without
the need for the traditional boric oxide
encapsulant. P. Rudolph and F.-M. Kiessling,
of the Institute for Crystal Growth in
Berlin, have grown unintentionally doped
GaAs crystals from Ga-rich melts without
boric oxide encapsulation by the modified
vapour pressure controlled Czochralski
(VCz) method [Journal of Crystal Growth
292(2) 532–537, from the Third Asian
Conference on Crystal Growth and Crystal
Technology].
They have assessed dislocation density and
distribution and the concentration of As pre-
cipitates depending on the melt composi-
tion. In due course it may become feasible to
have in situ controlled near-stoichiometric
semi-insulating (SI) GaAs crystals with mini-
mal As precipitates.
This approach is not new because it was
discussed earlier by Nishizawa’s group in
Sendai, Japan. One of the most important
targets for today’s crystal grower is the pre-
vention of harmful second-phase particles,
so-called crystal-originated pits (COPs).
These affect the surface preparation and
subsequent thin film deposition processes.
Standard LEC and VGF techniques exhibit
problems related to the non-stoichiometry
due to growth from slightly arsenic-rich
melts.This can create As precipitates and
inclusions. Even after post-growth anneal-
ing there can still be residual defects which
can form crater-shaped pits during polish-
ing. In this work, efforts were directed on
the growth of near-stoichiometric crystals
with reduced excess of arsenic so VCz Ga-
rich melts without boric oxide encapsulant
were used.
Undoped GaAs crystals with diameters
between 2 and 3-in have been grown from
different Ga-rich melt compositions (see
photo) in an argon or nitrogen atmosphere.
VCz single crystals have surfaces which are
mirror-like and free of any symptoms of dis-
sociation as it is usual for LEC crystals.The
enlarged {111} facets seen are caused by
the low radial temperature gradient evolved
from the absence of the boric layer. In con-
sequence, an enhanced twinning probabili-
ty could be likely the cause. However, the
present development stage of growth is still
not scaled up yet for commercial use.The
growth behaviour is very different from the
growth with a boric oxide layer on top of
the melt, and requires further process opti-
mization.
This work is supported by the German
Research Association (DFG) under contract
nos. RU 505/10-1, RU 505/10-2 and RU
505/10-3, and partially by Freiberger
Compound Materials GmbH.
Nitride doping and etching
In a paper by C.J. Deatcher et al., wave-
length dispersive x-ray microanalysis is 
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proposed as a novel approach to the study of
magnesium doping in GaN epilayers.The
work is a collaboration between the
University of Strathclyde and two companies,
MATS (UK) and Epichem Metalorganics.
[Semicond. Sci.Technol. 21 (2006)
1287–1295. Email: i.m.watson@strath.ac.uk]
Mg-doping is essential for p-type doping,
but has proved troublesome to implement
and characterise. Further refinement of
devices and creation of innovative new
ones is conditional on having the means to
practically measure dopant concentration.
Existing techniques such as SIMS fall short
in certain respects.The new WDX-EPMA
technique in this paper has been shown to
correlate well with SIMS data. Moreover it
has advantages, the authors say, especially
for the rapid study of large sets of samples
without the need for specialised calibra-
tion standards.
Another challenge to the future refinement
of III-N devices is threading dislocations
(TD) arising from heteroepitaxy.
Characterising these is not trivial, and 
traditional approaches such as TEM have
limitations.An interesting alternative is
described by a new paper by J. Chen et al.,
which combines wet etching with AFM.
Interestingly, the researchers are from the
Institute of Semiconductors, Chinese
Academy of Sciences, and the Paul-Drude-
Institut für Festkörperelektronik in Berlin.
Heated phosphoric acid was used to investi-
gate MOCVD samples including ELOG
where it was useful to reveal TD distribu-
tion. [Semicond. Sci.Technol. 21 (2006)
1229–1235. Email: jchen@red.semi.ac.cn]
Though at the early stages, GaN-on-pat-
terned-silicon, or GPS, has attractions for
MEMS in harsh conditions. Of course, etch-
ing of III-nitrides is difficult whether wet or
dry etching is used.A new paper from Hong
Kong University by Z.Yang et al., reports a
new fabrication process for suspended GaN
MEMS structures obviating the usual direct
etching step. Instead it is based on selective
area MOCVD growth of GaN on patterned
low-cost silicon and wet etch. GaN does not
grow on the sidewalls, so the defined MEMS
patterns can readily be transferred by 
etching the silicon. [Sensors and Actuators
A: Physical 130–131 371–378]
The Third Asian Conference on Crystal
Growth and Crystal Technology produced
some highly interesting papers.These can
be found in a special edition of the Journal
of Crystal Growth. For example,T. Kikuchi
and colleagues from Doshisha University
and Arios Inc., have studied the role of
excited nitrogen species in RF-MBE GaN
growth.This paper was published in Vol.
292, Issue 2, pp. 221–226.
Even though growth of the III-nitrides is
dominated by MOCVD, other techniques
have advantages. MBE is a case in point; it
confers precision at lower temperatures,
which can suit some applications. Of the
various approaches used to excite the nitro-
gen species, RF-MBE is likely the most popu-
lar.To try to understand the behaviour of
excited nitrogen species, the team used
optical emission spectroscopy. Specifically,
the integrated OES intensity method was
used to quantify the amounts of each
species.The set up included a V80H plus
Arios plasma source. OES was done with a
cooled CCD from Hamamatsu Photonics,
and 3-in silicon substrates were used. FIB
was used to obtain cross-sectional images
and measure epi thickness.To evaluate the
performance of the RF source combinatori-
al growth was used.
Experimental data for a range of pressures
showed how activated nitrogen species
behave. It showed which species are
responsible for growth and the existence of
an optimal set of growth parameters.
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In US patent 7,084,040, V. Gambin et al., of Northrop Grumman Corporation
describe an MBE method for growing III-Vs on a dielectric via an intermediate layer
(see diagram). One version is p-type InSb; the thickness of the layer does not
appear to be critical, but a thickness in the range 10–100 nm is appropriate, and
the material must provide smooth morphology. The portions of the intermediate
layer in contact with the dielectric material are polycrystalline, while those over the
substrate are epitaxial and hence generally monocrystalline.
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